Abstract -
INTRODUCTION
The reduction of fuel consumption and pollutant emissions from the transport sector is becoming increasingly important for all economies. A contribution to a solution is the reduction of the frictional resistance of the large scale transport systems airplane, ship and train. The DFG research group FOR1779 [1] focuses on the air transport system, as it covers all relevant flow areas, which are also relevant for rail transport and shipping. A weakening of the turbulence production is investigated, caused by the interaction with the near-wall flow field and the active energy influencing the boundary layer [2] . A sketch of the experimental evaluation principle is depicted in Fig. 1 . Fig. 1 The transversal surface waves running in the span direction (orange arrow) cause an interaction with the near-surface flow field (blue arrow).
Within the DFG research group, the Central Institute for Engineering, Electronics and Analytics, Electronic Systems (ZEA-2) at Forschungszentrum Jülich GmbH is working on the development of a real-time actuator sensor network.
One specific goal of this project is the development of a system to generate transversal waves on an aluminum surface; the parameters of the wave shall be adapted on the fly to the change of in-flow conditions. The designed system consists of flat printed circuit boards (PCBs) with coils that are mechanically coupled to the surface. By applying a positive or negative voltage a current flow is induced in the coil and causes a vertically directed force on the coils inside a permanent magnetic field, according to Fig. 2 . For the generation of the transversal waves on the aluminum surface, the actuators are driven by a front-end with analog amplifiers that's headed by the analog outputs of the FPGA RIO board PXI-7831 R from National Instruments. The included Virtex-II FPGA Chip adapts the signal characteristics on the external change of the wave parameters amplitude, frequency and wavelength with automated calculated smooth signal transitions to prevent unsteady signals with high frequency interference on the aluminum surface, as shown in Fig. 3 . One of these signal transitions is the smooth wavelength transition based on direct digital synthesis (DDS) [3] . This method ensures a smooth wavelength transition by means of an intelligent manipulation of the readout steps of a stored waveform look-up table and is a requirement for any control algorithms ensuring the precise waveform as presented in [5] .
II. GENERATION OF TRANSVERSAL WAVES ON THE ALUMINUM SURFACE
In order to generate the traveling wave motion on the aluminum surface, affected by phase-shifted signal sequences of the electromagnetic actuators, the approach was first followed by a direct calculation of the values for all channels. To avoid these stressful logic calculations of waveforms, a new approach has been studied based on the scanning of a single stored waveform of one period. Therefore, the calculation of these phase-shifted signal sequences is performed on the FPGA by a basic function of the DDS. In this function, digital representations of one period sine waves get stored in look-up tables at the block RAM of the FPGA for each actuator. The stored data points in these look-up tables include the amplitude information of the waveforms. Implemented memory controllers run through the look-up tables with calculated step size CSMEM depending on the desired output frequency f, the variable loop clock clk of the memory controller and the number of stored waveform data points N in the look-up table.
The selected amplitude values of the current data points Sn get transmitted to the inputs of digital to analog converters (DACs) and leads to the desired analog values at the outputs. If the memory controllers reaches the end of the look-up tables, the function jumps back to the start of the memory and repeats the process, as it is visualized in Fig. 4 . By assuming that the stored values in the look-up table can be mapped to the unit circuit, each data point has its own phase information that can be evaluated. This means that by setting different starting addresses of the memory controllers with the same clock, a phase shift between the signals can be generated. With this approach, a sudden voltage drops also imply highfrequency interferences during phase shifts of greater 0°. For this purpose, the approach was expanded by intelligent manipulation of the readout steps of the memory.
III. SMOOTH WAVELENGTH TRANSMISSION METHOD
As mentioned in the previous chapter, the memory is sampled differently as a function of the wave frequency. Each amplitude value of the signal has its own sample in the memory which is known as the memory point P0 combining an amplitude value to the sample at S0, as shown in Fig. 6 . Fig. 6 Position of the data point P0 at sample S0 inside the waveform
The method of changing the phase without high-frequency interferences caused by rapid changes in the voltage and its effects on the aluminum surface is the shift of the zero crossing to the next half period by increasing or decreasing the readout steps when the memory controller is at the sample of the amplitude value Pn of the changing phase (2).
P n = sin (2×π×f+ (π×phase) / (180°)) (2)
This assumption could be made by the characteristic of a periodic and zero-centered signal that the phase value always appears positive or negative every quartered period, see Fig. 7 . When the calculated phase value reaches the memory point S0, the zero crossing following after a half-period is shifted to the sample position of S3. This results in a faster sampling of the memory so that the zero crossing is reached earlier as it is shown in Fig. 8 . For the calculation of the new sample value of the look-up table, the position of the memory point S0, the current sampling rate and the position of the memory point S3 must be known.
1) Data point S0:
The storage point S0 is the position of the calculated phase value P0 (2) and is known.
2) Data point S3:
The position of the storage point S3 can be determined via the storage point S0 and the number of stored waveform data points N in the look-up table (3) .
3) Current step size CSMEM : The current step size CSMEM is the calculated sample rate (1) of the memory controller.
With this information, the remaining number of samples RSS0 to the zero crossing point at the periodic 2π (Fig. 8) can be calculated over the storage point S0 with respect to the current sampling step size CSMEM and the number of stored waveform data points N (4).
RSS0 = (N -S0) / CSMEM (4)
For determination of the difference of the samples of the memory point S0 to S3, the remaining number of samples RSS3 from S3 to the next zero crossing must also be calculated (5).
RSS3 = (N -S3) / CSMEM (5)
For all phase shifts ≤ 180°, the zero-crossing shift occurs in the negative time direction of the wave, which results in a shortterm increase in the frequency at the output resp. in a reducing of the sampled number of data point's SN phase < 180° (6).
SN phase < 180° = RSS0 -RSS3 (6)
For all phase shifts > 180°, the zero-crossing shift occurs in the positive time direction of the wave, which results in a shortterm reducing in the frequency at the output resp. in a increasing of the sampled number of data point's SN phase > 180° (7).
SN phase > 180° = RSS0 + RSS3 (7)
The new sample step size CSNew, which runs to the end of the memory, can now be determined by means of the calculated sampled numbers of data point's SN phase < 180°, SN phase > 180° and as a function of the current position from the memory point S0.
Assuming that the step size difference CSDiff from the new sample step size CSNew to the old step size CSMEM is taken into account after the zero crossing has been reached, the runtime errors due to the decimal places can be neglected (9).
IV. CONCLUSION
The developed electromagnetic actuator system is used for experiments to develop robust methods for turbulent friction resistance reduction by transversal surface waves. In case of changing inflow conditions waveform parameters like wavelength have to be adapted on the fly. For this, the driving system of the electromagnetics actuators uses automatically calculated smooth transients between various surface waves which allows an efficient operation of the necessary parameter studies in the wind tunnel [4] . The flexible readout of predefined look-up tables ensures a performant change between differently parameterized waveforms within one signal cycle. The smooth transient avoids the occurrence of high-frequency disturbances into the flow field and thus eases the application of special control algorithms ensuring the precision of the waveform [5] .
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